Sexual reproduction is so nearly ubiquitous among vertebrates and plants that we tend to forget that many eukaryotes appear to have dispensed with meiotic sex altogether [1]. These range from parthenogenetic lizards to a wide array of eukaryotic protists, many of which are important parasites like Giardia. It is important to know if these organisms are truly asexual, because the answer will help determine when and how meiotic sex first evolved.
not easily recognized as sexual reproduction.
These problems are especially severe in protistan parasites such as Giardia, which grows and reproduces as tiny binucleated, flagellated trophozoites in the dark of animal intestines, and then forms a cyst with an opaque wall. Although all of the stages of the life cycle can be reproduced in the lab, their small size and requirement for anaerobic conditions have prevented direct observation of nuclear divisions.
When sexual reproduction cannot be observed directly, its effects can be detected using genetic markers. Unfortunately, most of these tests can show that sexual reproduction with outcrossing occurs, but cannot prove its absence. For example, observations of high levels of neutral sequence divergence between alleles -the Meselson effect -was used to demonstrate that bdelloid rotifers are anciently asexual [8] [9] [10] [11] . Sequence heterozygosity is very low in Giardia [12] , but the absence of the Meselson effect is not definitive evidence of sex, because allele sequences can be homogenized by mitotic recombination or by cycles of chromosome loss and duplication due to nondisjunction [13] . The difference between the reductional first meiotic division and the equational second division (and the similarly equational mitotic divisions) depends on the protein products of a number of genes [18] , none of which was investigated by Ramesh et al. [16] . Until at least a few of those genes are located, the possibility remains that the recombination genes are functional in an unusual meiosis, or perhaps a primitive precursor of meiosis. One can even imagine that the recombination between homologues is not followed by a reduction division at all.
Ramesh et al.
[16] also found recombination genes in the genomes of several other organisms for which meiosis is unknown -the amoebozoan Entamoeba, the microsporidian Encephalitozoa, and the trypanosomatids Leishmania major and L. donovoni -or suspected from genetic grounds but not demonstrated cytologically -Trypanosoma brucei [19] .
Even if a canonical meiosis is demonstrated in Giardia, we will still need to know how diploidy is restored. This could take place between nuclei from two different individuals (outcrossing) or from the same individual (selfing). The distinction is crucial, because outcrossing is far more effective in producing new recombinant genotypes and breaking down the linkage disequilibria that retard natural selection. Two subspecies of Trypanosoma brucei appear to differ in this respect [20] .
Evidently, molecular methods can only take us so far. If genome searches show that an organism contains a set of genes sufficient to carry out the important stages of meiosis, we can use this result to locate the origin of meiosis on the eukaryotic tree. But before the organism can be used to study the evolutionary significance of sex, and before we can understand its population genetic structure and epidemiology, we need to know whether the organism is outcrossing. This will require a combination of genetic and cytogenetic studies, such as using transfected markers to track nuclei with fluorescent in situ hybridization, and to select recombinants. Population genetic analyses are required to determine the extent of outcrossing. Modern molecular genetic and optical methods should make all of this feasible.
